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ASTRONOMICAL TELESCOPE OPTICAL SYSTEM 

Japanese Unexamined Patent No. Sho-57-79909 

Laid-open on: May 19, 1982 

Application No. Sho-55-155182 

Filed on: November 6, 1980 

Inventor: Shoichi ARAYA 

Applicant: GOTO OPTICAL MFG. CO. 

SPECIFICATION 

1. TITLE OF THE INVENTION 
ASTRONOMICAL TELESCOPE OPTICAL SYSTEM 

2. WHAT IS CLAIMED IS; 

An astronomical telescope optical system, wherein, in order 
to make a rear lens group of an astronomical telescope ob j ective 
lens attachable and detachable, a front lens group that is 
composed of a plurality of lenses and has a positive focal length 
(fi) and f-number (Fi) is corrected for aberrations itself and 
can be used as an objective lens of the astronomical telescope, 
and a positive lens and a negative lens are arranged in this 
front lens group while leaving an air space, and a rear lens 
group having a positive focal length (f 2 ) is disposed while 
leaving a large airspace, and when the focal length of an optical 
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system thus obtained is defined as (f) and the distance from 
the front surface of the rear lens group to the focal point 
of the front lens group is defined as ( t ) , the following 
conditions are satisfied: 

1.0 < fi/f <3.0 (1) 

2.0 < fx/f 2 < 6.0 (2) 

8 < Fx < 15 (3) 

0.05 fi < t < 0.2 fi (4) 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an astronomical telescope 
optical system invented for the purpose that a rear lens group 
having a positive focal length is disposed at a proper position 
in front of the focal point of an astronomical telescope 
objective lens, and this rear lens group is made available as 
a correcting lens of an adapter type, the f-number of the 
objective lens is improved, and furthermore, curvature of field 
and coma aberration are improved, and the ob j ect of the invention 
is to provide an optical system which can be used in two ways 
in one astronomical telescope. 

An astronomical telescope objective lens has been used for 
a narrow angle of field since negative curvature of field and 
coma aberration remains therein. Since an eyepiece also has 
negative curvature of field as in the case with the. objective 
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lens, it has been demanded to make the image surface of the 
objective lens plane in visual observation and photographing. 

The present invention has been made in order to satisfy the 
abovementioned demands, a front lens group that is composed 
of a plurality of lenses and has a positive focal length (f x ) 
and f -number (F x ) is corrected for aberrations itself and can 
be used as an astronomical telescope objective lens, and a 
positive lens and a negative lens are disposed in this front 
lens group (L) while leaving an air space so as to have a large 
air space from a rear lens group (1/ ) having a positive focal 
length (f 2 ) , and when the focal length of an optical system 
thus obtained is defined as (f ) , and the distance from the front 
surface of the rear lens group to the focal point of the front 
lens group is defined as (t), the following conditions are 
satisfied (see Fig. 1) . 

1.0 < fi/f <3.0 (1) 

2.0 < fi/f 2 < 6.0 • (2) 

8 < Fi < 15 (3) 

0.05 fi < I <> 0.2 fi (4) 

In the above description, fi/f of the condition (1) shows 
the reciprocal of the condensing ratio of the rear lens group 
to the focal length of the front lens group, and when the maximum 
value of this range is exceeded, since the radius of curvature 
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of each surface of the rear lens group becomes smaller, it becomes 
difficult to correct coma aberration and astigmatism. On the 
other hand, the case where the minimum value is exceeded is 
not advantageous in terms of two-way use of one astronomical 
telescope . 

According to the condition (2), by maintaining a large air 
space between the front lens group and the rear lens group, 
the rear lens group can be made independent as an auxiliary 
lens of an adapter type, and even when such a rear lens group 
is attached to a ready-made astronomical telescope the front 
lens group of which has an f -number larger than 8, curvature 
of field is excellently corrected, and the f— number of an 
objective lens in use can be reduced. 

The condition (4) regulates the arrangement of the rear lens 
group, and concerns the f-number within the range of the 
condition (3) , which the front lens group has, and in a condition 
where aberrations are properly controlled by selecting a value 
within the range of the condition ( 4 ) , a proper back focal length 
is obtained. 

A front lens group satisfying the abovementioned conditions 
(1), (2), and (3) itself is aberration-corrected, and can be 
used as an astronomical telescope objective lens. 

When an adapter type rear lens group is attached to the front 
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lens group having an optional focal length satisfying the 
abovementioned conditions (1), (2), and (3), the f -number can 
be reduced as small as F 1 x — , whereby an astronomical telescope 

objective lens in which coma aberration and curvature of field 
can be excellently corrected is achieved. In other words, an 
optical system is realized which makes it possible for one 
astronomical telescope to serve as two astronomical telescopes 
with different f-numbers by using a rear lens group (auxiliary 
lens) as an adapter for one astronomical telescope. 

Next, embodiments of the invention are shown. 
Embodiment ( 1 ) 

An optical system of Embodiment (1) comprises a front lens 
group including (Li) and (L 2 ) and a rear lens group including 
(L 3 ) and (L 4 ), and has the following characteristics. 

Focal length: f=824. 323mm 

Back focal length: Bf=52 . 928mm ' 

f-number: F=10.3 

Focal length of front lens group: f 2 =1 , 200 . 00mm 

Back focal length of front lens group: Bfi=l, 191 . 790mm 

f-number of front lens group: Fi=15 

Focal length. of rear lens group: f 2 =241 . 372mm 

Back focal length of rear lens group: Bf 2 =218 . 735mm 
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Front 

lens 

group 



L 2 



Rear 
lens 
group 



U 



Ri=+ 664.0 

R 2 =-357.401 

R 3 =-361.182 

R«=-l, 269.7 
1 

R 5 =+121.2 
R 6 =-169.7 
R 7 =-140.0 
R 8 = °° 



di=10 

d 2 =0.175 

d 3 =7 

cU-1, 092. 8324 
d 5 =5 

d 6 =7.866 
d 7 =3 



nd 

1.43387 
1.5213 



vd 
95.2 

52. 6 



1.63854 55.4 



1.74 



28.3 



Herein, 



f Ri - R 8 : radius of curvature of each lens 
< surface (mm) 

di - d 7 : lens thickness^ and air space (mm) 
nd: lens refractive index with respect 

to the d line 
I vd: Abbe's number of lens 

Aberrations of the abovementioned embodiment are shown in 

Fig. 3. 

The abovementioned embodiment is a combination of a front 
lens group and a rear lens group that is an auxiliary lens. 
Next, aberration comparison with a case where only the front 
lens group is included and the adapter of the rear lens group 
is removed is shown. 

When only the front lens group is used, the focal length 
becomes longer than that in the abovementioned embodiment, so 
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that comparisonby setting the same focal lengthmakes aberration 
comparison clearer, and therefore, data of the lens system 
obtained by applying the proportion of f/fi to the data of the 
front lens group is shown below. The external appearance view 
of the lens system is shown in Fig. 4, and aberrations of the 
same are shown in Fig. 5. 

Focal length: f =824. 323mm 

Back focal length: Bf =818 . 688mm 

f-number: F'=10.3 

nd vd 

Ri=+456.129 

Li di=6.8694 1.43387 95.2 

R 2 =-245.513 

d 2 =0.1202 

R 3 =-248.111 

L 2 d 3 =4.806 1.5213 52.6 

R 4 =-872.217 

Embodiment (2) 

An optical system of Embodiment (2) comprises a front lens 
group including (LI) and (L2) and a rear lens group including 
(L3) and (L4) (see Fig. 6) andhas the following characteristics . 

Focal length: f=439. 642mm 

Back focal length: Bf=52. 928mm 

f -number : F=5 . 5 

Focal length of front lens group: fr=640 . 00mm 

Back focal length of front lens group: Bf i=62 9 . 197mm 
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f -number of front lens group: Fi=8.0 
Rear lens group: same as the rear lens group 

of Embodiment (1) 



Front 

lens 

group 



Rear 
lens 
group 



Li 



L 2 



L 3 



Ri=+354.133 

R 2 =-188.546 

R 3 =-190.773 

R 4 =-672.808 
6 

Rs=+121.2 
R 6 =-169.7 
R 7 =-140.0 
R 8 = 00 



di=14.5573 

d 2 =0.1747 

d 3 =7.2786 

d 4 =530. 23863 
d 5 =5 . 0 
d 6 =7.8 66 
d 7 =3 . 0 



nd 

1.43387 
1.5213 



1.74 



vd 
95.2 

52. 6 



1.63854 55.4 



28.3 



Aberrations of the abovementioned embodiment are shown in 
Fig. 7. 

The abovementioned embodiment is a combination of a front 
lens group and a rear lens group that is an auxiliary lens, 
and next, aberration comparison with a case where only the front 
lens group is included and the adapter of the rear lens group 
is removed is shown. 

When only the front lens group is included, the focal length 
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becomes longer than that of the abovementioned embodiment, so 
that aberration comparison becomes clearer by setting the same 
focal length, and therefore, data of the lens system obtained 
by applying the proportion of f/fi to the data of the front 
lens group is shown below. The external appearance view of the 
lens system is shown in Fig. 8, and aberration diagrams of the 
same are shown in Fig. 9. 

Focal length: f '=439. 642mm 

Back focal length: Bf =432 . 221mm 

f-number: F'=5.5 

nd vd 

Ri=+243.2 69 

I* di=10.0 1.43387 95.2 

R 2 =-129.520 

d 2 =0.12 

R 3 =-131.050 

L 2 d 3 =5.0 1.5213 52.6 

R 4 =-462.180 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view of the optical system of the 

invention, Fig. 2 is a side view showing the optical system 

of the first embodiment, and Figs. 3 show aberrations of the 

same, wherein (I) shows spherical aberration, (II) shows 

astigmatism, and (III) shows distortion. Fig. 4 is a side view 

of only the front lens group whose focal length is set to the 

same as that of the first embodiment, and Figs . 5 show aberrations 
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of the same, wherein (I) shows spherical aberration, (II) shows 
astigmatism, and (III) shows distortion. Fig. 6 is a side view 
of the. optical system of the second embodiment, and Figs. 7 
show aberrations of the same, wherein (I) shows spherical 
aberration, (II) shows astigmatism, and (III) shows distortion. 
Fig. 8 is a side view of only the front lens group whose focal 
length is set to the same as that of the second embodiment, 
and Figs. 9 show aberrations of the same, wherein (I) shows 
spherical aberration, (II) shows astigmatism, and (III) shows 
distortion. 

In the figures, the symbols (Li) and (L 2 ) : front lens group, 
and the symbols (L 3 ) and (L 4 ) : rear lens group. 
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Procedure amendment (System) 

Date: April 10, 1981 
To Mr . Haruki Shimada, Commissioner of Japanese Patent Office: 

1. Indication of case: 

Japanese Patent Application No. Sho-55-155182 

2. Title of invention: ASTRONOMICAL TELESCOPE OPTICAL SYSTEM 

3. Person in charge of amendment 
Relationship with the case: Patent applicant 
Zip code: 183 

Address: 4-16, Yazaki-cho, Fuchu-shi, Tokyo 
Name: GOTO OPTICAL MFG. CO. 

4 . Attorney 

Zip code: 154 

Address: 2-32-23, Wakabayashi, Setagaya-ku, Tokyo 
Name: (5569) Tsutomu JINBO (and another) 

5. Date of- amendment order 
March 5, 1981 

6. Object of amendment 

Power of attorney, Section of "BRIEF DESCRIPTION OF THE 
DRAWINGS" in the specification, and accompanying drawings 

7. Details of amendment 

(1) Power of attorney: As in the attached sheet. 

(2) In the specification, "BRIEF DESCRIPTION OF THE DRAWINGS" 
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shall be amended as follows. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view of the optical system of the 
invention, Fig. 2 is a side view showing the optical system 
of the first embodiment, and Figs. 3 show aberrations of the 
same, wherein (A) shows spherical aberration, (B) shows 
astigmatism, and (C) shows distortion. Fig. 4 is a side view 
of only the front lens group whose focal length is set to the 
same as that of the first embodiment, and Figs . 5 show aberrations 
of the same, wherein (A) shows spherical aberration, (B) shows 
astigmatism, and (C) shows distortion.' Fig.. 6 is a side view 
of the optical system of the second embodiment, and Figs. 7 
show aberrations of the same, wherein (A) shows spherical 
aberration, (B) shows astigmatism, and (C) shows distortion. 
Fig. 8 is a side view of only the front lens group whose focal 
length is set to the same as that of the second embodiment, 
and Figs. 9 show aberrations of the same, wherein (A) shows 
spherical aberration, (B) shows astigmatism, and (C) shows 
distortion. 

In the figures, the symbols (Li) and (L 2 ) : front lens group, 
and the symbols (L 3 ) and (L 4 ) : rear lens group. 
(3) "Figs. 3, Figs. 5, Figs. 7, and Figs. 9" of the accompanying 
drawings are amended as shown on the attached sheets. 
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